Introduction
Bladder cancer is the second most common cancer in the United States among genitourinary cancers (1) . In the world, it is the 11 th most common cancer among all cancers (2) . The worldwide standardized incidence for age was 8.9 for males (100,000 person-year) and 2.2 for females (2008 data), while it was 27 for males and six for females in Europe (2) . The incidence is generally increasing in developed countries. Transitional epithelial cell cancers are the most common histological type in 90% of cases, but squamous cell cancers and adenocarcinomas are other types of cancer seen in the bladder (3) .
Diagnosis of bladder cancer is made by cystoscopy, cytology and pathological evaluation of the excised material. If bladder cancer was detected or urinary cytology was found positive, diagnostic cystoscopy is omitted and biopsies from suspected areas or tumor resection are performed under anesthesia (4) . However, despite initial treatment, tumor recurrence occurs after endoscopic resections in 30-85% of the cases, and 16-25% of them develop higher grade tumors (3) . Approximately 10% of tumors without muscle invasion develop invasive or metastatic cancer during follow-up.
After the diagnosis of bladder cancer, the follow-up procedures for the disease are as important as the diagnosis of the disease. Cystoscopy and cytological evaluation of urine are recommended routinely. However, cystoscopy being an invasive procedure and low sensitivity of cytological evaluation of urine have revealed the necessity of identifying new markers.
In this review, bladder tumor biomarkers that are still in use or are under development in diagnosis and/or follow-up are reviewed.
to shed as a result of loss of cohesion make this examination easy and specific to high-grade lesions. For better evaluation, the method of urine collection, detailed clinical history, treatment and catheter insertion should be reported.
The urothelium consists of superficial cells with large cytoplasm and sometimes mucin, intermediate cells with less cytoplasm under it, and basal cells at the bottom. Cytological samples include mostly superficial and intermediate cells. Infection, catheter application, stones and various treatments may lead to reactive changes. Reactive changes are difficult to distinguish from papilloma, papillary urothelial neoplasia with low malignant potential and low-grade papillary urothelial carcinoma.
Patients with bladder cancer are classified as low or high-grade tumors according to their cytological features. Sensitivity and specificity are very high in high-grade papillary cancers and in situ cancers. In the literature, the diagnostic accuracy of cytological examination in low-grade cancers was reported as 17%-70% for spontaneous urine samples in original studies. This rate is 95%-100% in high-grade papillary and in situ cancers (5) .
High sensitivity and specificity are important, as in situ cancer area may not be recognized by cystoscopy and in situ lesions often accompany invasive, high-grade, multifocal tumors (6, 7) . According to a recent study, sensitivity and specificity rates of urine cytology was 38% and 98.3%, respectively. There was no significant difference between spontaneous urine and washing (8, 9) . In order to better visualize cancer cells, urine samples to be used in cytology should be taken from patients who are well hydrated. The urine sample to be examined should be taken from the first morning urine. Positivity of urine cytology findings, even if upper urinary tract and bladder imaging results are negative, may indicate cancer elsewhere in the urinary tract such as calyxes or ureters. Furthermore, a negative result of urinary cytology does not necessarily indicate the absence of a low-grade bladder tumor (10) . All of these causes have encouraged the search for more reliable urine tests for the diagnosis of urothelial malignancy.
Microscopic Hematuria
Hematuria is the most common sign of bladder cancer. It is usually detected using a dipstick test. The test is easy to use and cost-effective. Sensitivity and specificity for microscopic hematuria have been reported as 91% and 99%, respectively (11) . Hematuria is a common finding in the general population and is not only associated with bladder cancer. For populationbased screening tests, bladder cancer was reported in 16-24% of men with hematuria who were older than 50 years; however, it was not detected in 32% of bladder cancers (12) . Hematuria is intermittent in most patients (13) . Recurrence increases the sensitivity of the hemoglobin dipstick test and the number of patients with false-positive findings that may lead to cystoscopy (reducing specificity). Patient compliance to homebased daily repeated tests is generally good (97.7%) (14) . Weekly hematuria tests are useless, and researchers recommend daily testing for 10-14 days every 6-12 months (11) . It is not recommended to use first urine in the morning, and urine following excessive physical activity or sex. High false-positive rates are associated with other genitourinary cancers, colic pain, anticoagulant treatments (Warfarin, salicylates, NSAIDs), and other pathologies (glomerulonephritis, urinary stones) that cause hematuria (11, 12, 13, 14, 15) .
Urine Tumor Markers
The most common presenting symptom of bladder cancer patients is asymptomatic microscopic hematuria or painless macroscopic hematuria. The rate of symptomatic patients is often difficult to say because the symptoms are intermittent and cannot be shown in screening. However, the use of urinary markers, which have recently been developed for early detection of urinary malignancies, gives hope for early diagnosis. The use of these markers can reduce the number of regular cystoscopies performed to control non-muscle-invasive bladder cancer relapses and ultimately result in significant cost savings. Likewise, prediction of the patient population that will show progression may lead to an increase in disease-related survival (16) .
Urine is in a continuous relationship with the urothelium in the renal pelvis, ureter and bladder starting from the calyces. Therefore, the use of urine samples seems to be more rational in the investigation of a marker for urothelial cancers (17) .
An ideal marker:
• Should be non-invasive and easy to apply technically,
• Should be cheap,
• Should be reliable and repeatable,
• Should have high specificity and sensitivity,
• Should ensure early detection of high-risk tumors (e.g. carcinoma in situ) and ensure that the chance of curative treatment is not missed (18) .
A. Molecular Markers in Urine

Bladder Tumor Antigen Test
It is based on the detection of human complement factor H-associated protein in urine that is produced in bladder cancer cell. In cell cultures, normal cells were unable to express H-associated proteins. The bladder tumor antigen test (BTA)-Stat assay is a qualitative immunoassay using two different monoclonal antibodies. BTA Stat is an immunochromographic, qualitative, NMP22-like test, approved by the United States Food and Drug Administration (FDA) for follow-up, not for screening or diagnosis. In many studies, the sensitivity varies between 36-89% (19) . Specificity is high in healthy individuals (97%). However, in benign genitourinary diseases (hematuria, benign prostatic hyperplasia, BCG use, urinary diversions, urinary stone, cystitis, nephritis), it decreases to 46%. This leads to false positive results by binding of complement factor H, which is already present in the serum at a constant amount of 0.5 mg, to erythrocytes in the urine. BTA-stat is superior to urinary cytology in detecting low-grade cancers. In a large, multicenter study, 95% specificity was demonstrated in healthy volunteers without genitourinary disease. However, the specificity shows a significant decrease in patients with additional disease; it is around 88% in patients with benign prostatic hyperplasia and 50% in patients with urolithiasis. Specificity decreases to 33% after interventions to the bladder or prostate (20, 21, 22) . The BTA-stat test should be interpreted with caution in patients with microscopic hematuria. The test is not safe as urine leads to false positivity when it is very bloody (23) .
BTA-Trak test is a quantitative ELISA (Enzyme Linked Immunosorbent Assay) test and two monoclonal antibodies against complement factor H and complement factor H dependent protein are used. The overall sensitivity and specificity of the BTA-Trak test are 66% and 69%, respectively. The accuracy of the BTA-Trak test in low-grade tumors is better than the BTA-Stat test. The most important factor limiting the use of this test is high false-positive rates (24).
Nuclear Matrix Protein Test
The nuclear matrix protein is part of the internal framework of the cell nucleus and plays a role in DNA replication, transcription and transfer to RNA and possibly regulation of gene expression. This protein is associated with spindle bodies formed during mitosis and may be responsible for the proper and regular distribution of chromatids in daughter cells. When inappropriate distribution of chromatids occurs during mitosis, there is a 25-fold increase in nuclear mitotic apparatus proteins in tumor cells compared with normal bladder epithelial cells, such as in bladder tumors (25) . Compared with normal tissue and transitional cells, there is at least a 10-fold increase in nuclear mitotic apparatus proteins in cancer tissue. There are two different nuclear matrix protein tests (NMP22) used to detect NMP22 in urine. The original NMP22 bladder cancer test kit is a laboratory-based, quantitative, sandwich-type enzyme immunoassay. The second test is NMP22 BladderChek, which contains a qualitative, NMP22-detecting antibody. Both tests were approved by the FDA for follow-up of bladder tumors. In addition, the NMP22 BladderChek test can be used for screening patients at risk for bladder tumors.
The sensitivity and specificity of NMP22 ELISA from various studies vary between 19-100% and 55-92%, respectively. This variability arises from the use of different predictive values in various studies and the diagnosis of recurrent tumor versus primary tumor diagnosis.
NMP22 has high false-positive rates in patients with inflammatory status, renal and bladder stones, foreign bodies in the body, intestinal interposition, other genitourinary cancer, and proteinuria (26) . The BladderChek test has recently been studied by Grossman et al. (27) in a prospective study of a total of 1331 patients with lower urinary tract symptoms such as hematuria and dysuria, and with a history of smoking. In this study, NMP22 was compared with urinary cytology. The test has been shown to have 55.7% sensitivity and 85.7% specificity in the diagnosis of bladder tumors. For urine cytology, these values were reported as 15.8% and 99.2%, respectively.
NMP52
It is a 52-kilodalton nuclear matrix protein. It measures by using ELISA with polyclonal rabbit antibody. In a study of 149 patients with bladder cancer, the sensitivity of NMP52 test was 92% in the diagnosis of squamous cell carcinoma, 98% in the diagnosis of variable epithelial cell carcinoma, and 100% in the diagnosis of adenocarcinoma of the bladder. The specificity of the test was found to be 94% (28).
BLCA-1 and BCLA-4
BLCA-1 and BLCA-4 are nuclear transcription factors in bladder tumors. BLCA-1 is not released from non-malignant urothelium. BLCA-4 is a factor released from both tumor and benign areas adjacent to tumor, but not from non-malignant bladder (29, 30) . BLCA-4 is measured in urine by ELISA. It has been reported that its sensitivity reaches 89-96% and its specificity reaches 100% (31, 32) . This protein increases IL-1 α, thrombomodulin and IL-8 levels and affects the pathogenesis of bladder tumor (33) .
In a study of 25 bladder cancer cases and 46 controls, BLCA-1 ELISA was shown to have a sensitivity of 80% and a specificity of 87% (34) . BLCA-4 test has been shown to have sensitivity and specificity of more than 90% in two separate studies (35, 36, 37, 38) . In a study conducted by Van Le et al. (39) in 75 patients with primary bladder cancer, the sensitivity and specificity were 89% and 95%, respectively. BLCA-4 is a potential useful marker for bladder cancer screening because of its high sensitivity and specificity. However, it has not been sufficiently tested for survival.
Survivin
It is an antiapoptotic protein. It is an inhibitor of the apoptosis family (40) . Survivin is found in 10-30% of bladder tumor tissues. The sensitivity of urine survivin levels measured using a bio-dot measuring apparatus is between 42.5-100% (41, 42, 43) . High levels of survivin increase the risk of bladder cancer and the likelihood of having a higher-grade tumor (44) . Clinical use in bladder cancer has been questioned because of its low specificity.
Urinary Bladder Cancer Test
It is an ELISA test that investigates the presence of fragments of cytokeratin 8 and 18 in urine. Cytokeratin 8 and 18 are normal structural components of the cell. Increased expression has been observed in transitional epithelial cell cancers, especially in high-grade ones (45) . In a study by Babjuk et al. (46) in which recurrent tumor formation is monitored in 88 patients with non-muscle invasive bladder cancer, sensitivity was 54% and specificity was 97%. They concluded that it could not be used to reduce the number of cystoscopies in routine urology practice due to its low sensitivity. Mungan et al. (47) evaluated the diagnostic value of urinary bladder cancer test (UBC) in 100 patients with non-muscle invasive bladder tumors and reported sensitivity, specificity, positive and negative predictive values as 20.7%, 79.2%, 28.6% and 71.3%, respectively. With these results, they concluded that UBC test was insufficient in the follow-up of patients with bladder tumors.
CYFRA 21.1 Test
It is an ELISA based assay that allows the detection of cytokeratin 19 fragments by means of two monoclonal antibodies (BM19.21 and KS19.1). In a study by Fernandez-Gomez et al. (48) and colleagues in 446 patients with Ta and T1 bladder cancer, 125 patients had recurrence, and the sensitivity and specificity of the test were found to be 43% and 68%, respectively. Cut-off value was accepted as 4 ng/mL and 12 patients with Ta tumor could not be determined. When the cut-off value was accepted as 1.5 ng/mL, the rate of detecting Ta recurrences increased by 73%, but its specificity decreased to 43%. They emphasized that this test was not a suitable marker for follow-up in patients with bladder cancer.
Fibrinogen Degradation Products, ACCU-DX
Cancer cells produce an angiogenic factor that induces vascular endothelium, called vascular endothelial growth factor. This factor increases vascular permeability in tumor tissue. This leads to the passage of blood and plasma proteins, such as plasminogen, fibrinogen, coagulation factors, into the extravascular space. Fibrinogen is converted to fibrin and binds to plasminogen and converts to plasmin. Plasmin, a potent proteolytic enzyme, breaks down fibrinogen and fibrin into Fibrinogen degradation products (FDP). FDP circulates and is also found in urine in patients with bladder cancer. Urine FDP can be measured by latex agglutination test, monoclonal antibody-based ELISA and monoclonal antibody immunassay methods (49, 50, 51, 52, 53) . The ACCU-DX test is a qualitative test using murine monoclonal antibodies specific for FDP. However, the availability of this test is low in the presence of hematuria because these antibodies also interact with intact fibrinogen, which is typically found in human serum (54) . FDPs are either absent or extremely low in the urine of healthy individuals. In some inflammatory events, FDP may be detected in the urine, but the detection of FDP in the urine is generally interpreted in favor of transitional epithelial cell cancer. FDP levels in urine increase as tumor stage and grade increase. When used together with cytology, its sensitivity increases to 75-80% (20).
Hyaluronic Acid, Hyaluronidase Test
Hyaluronic acid (HA) forms the extracellular glycosaminoglycan layer that protects tumor cells from the control of the immune system. Adhesion and migration of tumor cells is also facilitated by this layer. The HA-Hyaluronidase (HAase) assay is a combination of two similar ELISA assays. It measures the urinary HA and HAase levels. HA test can detect bladder cancer regardless of tumor grade and HAase test detects high-grade tumors. The combination of HA test-HAase test has a sensitivity of 83-94% in detecting both primary and recurrent tumors (41, 42) . It has sensitivity between 75% and 100% in both low-grade/stage and high-grade/stage tumors (55, 56) . In addition, in the followup of bladder cancer recurrence with the HA-HAase test, even a false-positive value indicates an increased risk of recurrence by 4 to 10 times within 5 months (57) . The specificity of HA-HAase test between normal individuals and patients with benign urological conditions is 80% (41, 42) .
B. Tests with Shed Cells into the Bladder Lumen
ImmunoCyt
In this test, urine specimens containing tumor cells shred into the lumen of the bladder are used in patients with bladder tumors. It is an immunohistochemical test that detects sulfated mucin glycoproteins and carcinoembryonic antigen on the surface of bladder tumor cells. Assay is performed using three fluorescent stained monoclonal antibodies. These fluorescent monoclonal antibodies are 19A211, M344 and LDQ10. The main advantage of this test is the high rate of detecting low grade and well-differentiated tumors. The disadvantage is that false positive and negative rates are high and an experienced cytopathologist is needed. The detection of a single fluorescent cell in one sample represents the positivity of the assay. In the study of Lodde et al. (58) in 216 patients, sensitivity was 84% and specificity was 78%.
Lewis X antigen
It is based on the detection of a blood group antigen that is not normally found in urinary transitional epithelial cells using monoclonal antibodies. This blood group antigen is synthesized by all cancerous cells, regardless of tumor grade and stage. In the study of spot urine samples of 260 patients, Pode et al. (59) found sensitivity as 79.8% and specificity as 86.4%, and Cis was found to be 100%. With the evaluation of two different urine specimens, Golijanin et al. (60) stated that the sensitivity of Lewis X antigen test increased from 81.2% to 97%, and the specificity increased to 85.5%.
DD23
DD23 is a monoclonal antibody that detects a protein dimer released from bladder cancer cells. It is an immunohistochemical test with alkaline phosphatase bound to monitor tumor cells in urine. In two controlled trials, DD23 showed high sensitivity between 70-80% (61, 62) . This marker has high sensitivity in both low-grade tumors (approximately 70%) and high-grade tumors (approximately 87%). Its sensitivity slightly increases when used in combination with urinary cytology (78-85%). However, the specificity of DD23 is about 60% and the specificity of the samples obtained by washing is lower (61,62).
Cytokeratin 20
Cytokeratins are intermediate filament proteins of epithelial cells. Cytokeratin 20 is specifically expressed by the bladder and gastrointestinal epithelium. It can also be detected in normal cells in scans but has been upregulated in carcinoma patients. In two studies, the mean sensitivity and specificity of cytokeratin 20 were found to be 85% and 76%, respectively (63, 64) . Studies comparing cytokeratin 20 with other markers other than urine cytology have not yet been performed.
Telomerase
Most cells in the body can proliferate in a limited number before losing their ability to divide. Chromosome terminations are called telomere. The ability to continuously proliferate is acquired by expression of the telomerase gene. Telomerase is normally expressed in cells such as stem cells or gametes, which must be divided into an unlimited number. Telomerase immortalizes the chromosome or telomeres by maintaining the ends normally shortened in each division. Although active telomerase is important for survival in malignant cells and for long survival in normal cells, telomerase itself has no effect of inducing a malignant phenotype. However, the presence of oncogene and/or tumor suppressor gene inactivation in addition to telomerase may cause malignant transformation. Genitourinary cancers have a high level of telomerase activity as in all cancers (65, 66, 67) . Two different methods have been developed to evaluate telomerase activity in tissue. First, TRAP (telomeric repeat amplification protocol) is based on the telomeric amplification protocol by ELISA or RT-PCR. Second, hTERT (human telomerase reverse transcriptase) is based on the measurement of mRNA levels by RT-PCR method.
Increased telomerase levels by 90% especially in high-grade and staged cancers made it an important tumor marker (68) . In their study of 200 bladder cancer patients (primary or recurrent distinction), Eissa et al. (69) recruited 85 benign bladder lesions and 30 healthy patients as the control group. They found the sensitivity to detect bladder cancer as 96%.
Telomerase activity was evaluated by a polymerase chain reaction test using TRAP. In the detection of bladder tumors, the sensitivity of the telomerase test is between 7% and 100%, usually 70-86%, and the specificity ranges from 24% to 90%, usually 60-70% (70, 71, 72, 73) . In a study conducted to determine the TRAP threshold range in 2005, a sensitivity of 90% and a specificity of 88% when the threshold value was taken as 50 enzyme units (74).
UroVysion Fluorescence İn Situ Hybridization (UroVysion FISH)
It is a multi-targeted, multicolour fluorescent in situ hybridization (FISH) test that involves staining urine cells with 4 denatured centromeric chromosome enumeration probes. It detects chromosome 3 (spectrum red), chromosome 7 (spectrum green), chromosome 17 (spectrum aqua) and locus-specific probe 9p21 (spectrum gold). Cells are examined under fluorescence microscopy. Diagnostic criteria for bladder cancer in the UroVysion test are: five and/or more cells with polysomy of two or more chromosomes, isolated gain of a single chromosome in 10% or greater cells, and homozygous deletion of 9p21 in 20 or more cells. Four types of genetic abnormalities (polysomy, tetrasomy, trisomy, and homozygous 9p21 deletion) were observed in the UroVysion examination of patients with bladder cancer. In various studies, the sensitivity of UroVysion test ranges from 69% to 87% (75, 76) . This test has been approved by the FDA for the follow-up of patients with bladder tumors and for the detection of bladder tumors in patients with hematuria. UroVysion test has a very good sensitivity rate (83-100%) in detecting Tis and high grade/high stage tumors. However, sensitivity is not good in detecting low-grade/lowgrade tumors (76, 77) .
Despite a normal cystoscopy, some of the patients with positive FISH test were suggested to develop urothelial cancer after a while. Many studies have reported positive bladder biopsy within 12 months in 85% to 89% of patients with positive FISH tests (77, 78) . However, some other studies have shown that the recurrence rate after positive FISH test and negative cystoscopy is <50% (79).
MicroRNA Markers
MicroRNAs (miRNAs) are non-coding RNAs that regulate gene expression after transcription (80) . Because they are stable in urine and are more resistant to nuclease degradation due to their small size, they can be used as an ideal bladder marker (81) . There are many nucleases in the urine, and a large number of tests that analyze mRNA expression are not successful due to target degradation. Recently, urinary miRNA expression has been reported and upregulation of miRs-126/182/199a has been found to differentiate between healthy and bladder tumor patients (82) . In spite of the inability to distinguish the expression of these miRNAs in normal and malignant urothelium, the combination of mi-126 and 182 was found in 77% of bladder tumor cases (83) . Further study of these markers is needed. In a study of 485 bladder cancer patients presenting with macroscopic hematuria in Australia, urine cytology, NMP22 and MicroRNA efficacy were evaluated. MicroRNA showed a higher specificity rate of 85% than urine cytology and NMP22. However, the presence of urinary stone causes false positive results. In addition, it was reported that specificity was affected at a low rate with gender, age and creatinine level (84) . In a similar study conducted in the UK, 121 urine samples from 68 patients with bladder cancer and 53 non-bladder cancer samples were subjected to polymerase chain reaction using fifteen microRNA fragments. Results reported that urinary microRNAs were successful at a rate of 94% in detecting urothelial cancers (85).
Microsatellite Analysis
Microsatellite analysis has been mentioned in the literature since 1997 and its success in detecting low-grade bladder cancers has been evaluated. It is a polymerase chain reaction test that recognizes the tumor DNA. Recent studies have reported recurrence rates of 83% in those with positive microsatellite test and 22% in those with negative test (86, 87) .
C. Other Markers
Microtubule-associated Proteins
It is a microtubule-associated protein (MAP) localized in the Tau 17q21 gene. It regulates the cell cycle of stathmin, which is the protein disrupting microtubule stabilization. In case of mutation or deregulation, it leads to uncontrolled cell proliferation (88) . High expression or activity of stathmin may be indicative of metastasis and may be associated with poor prognosis. In a recent study examining MAP levels in 32 patients with bladder cancer, high levels of tau and stathmin protein measured before intravesical taxane treatment were associated with decreased recurrence-free survival (88) . Multivariate analysis showed that tau positivity was an independent risk factor for recurrencefree survival. Stathmin-positive patients had a recurrence-free survival of 16 months shorter than the negative ones. It is an experimental marker used to determine prognosis.
Mammary Serine Protease Inhibitor
Mammary serine protease inhibitor (Maspin) is a protein encoded by SerpinB5s localized in the 18q21.3 gene (89). The protein, a gene product, acts as a tumor suppressor gene and reduces the invasion and metastasis ability of cancer cells. Acikalin et al. (89) conducted a study to evaluate the effect of maspin by immunohistochemical method in 68 newly diagnosed T1 bladder cancer patients. They showed that patients with maspin negative were 2.2 times more likely have recurrence than positive ones. Maspin negative patients were 4.3 times more at risk for progression than maspin positive patients. Decreased expression of maspine was found to be an independent risk factor for recurrence and progression.
Tumor Associated Trypsin Inhibitor
It is a low molecular weight (6 kilodalton) trypsin inhibitor used in bladder cancer screening. The role of trypsin in cancer pathogenesis is not yet known. The expression of tumor associated trypsin inhibitor (TATI) in urine was determined by an immunofluorometric method. In 80 patients with primary bladder cancer, Gkialas et al. (90) found a sensitivity of 85.7% and a specificity of 76% in a screening study using TATI. However, no further studies have been conducted to support this data.
Conclusion
Although many studies have been published in the literature to identify an ideal tumor marker in recent years, most of these tests have better sensitivity and lower specificity in the diagnosis of bladder cancer. Therefore, it is not uncommon to use unnecessary biopsy and imaging techniques because of false-positive results. Whether such tests can provide additional information in decision-making, treatment and prognosis in non-muscle invasive bladder cancer is not yet known due to the lack of multicenter prospective data on the subject. The combined use of current novel markers can result in higher performance, eliminating the drawbacks of one test by the advantages of another test. For a valuable test in detection of bladder cancer; sensitivity and negative predictive value are important. Sensitivity and negative predictive value should be above 90% in all tumors if they are to replace cystoscopy. It should be over 95% in "dangerous" high-grade tumors (55) . Today, there are no tests that meet these criteria. The use of urinary tumor markers is optional in low and moderate risk disease in NCCN (National Comprehensive Cancer Network) 2015 guidelines and the degree of recommendation is 2B.
There is currently no scientific guideline to routinely recommend the use of either of these tests in urology practice, diagnosis, or follow-up. In summary, urinary cytology and cystoscopy are the gold standard in the diagnosis and follow-up of bladder tumors.
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